


APPENDIX A 

DATA SUn/LrMARY TABLES FROM SITE 
CHARACTERIZATION 



Pure Etch Health Risk Assessment Tables 
 
Due to space limits on the DTSC website, the following list of tables have been omitted from the 
HRA web posting, volume 2 of 2 as they are listed at the following web address: 
 
http://www.dtsc.ca.gov/HazardousWaste/Projects/upload/PUreEtch_RFI_tables.pdf 
 
 
Table 1 
Table 3 
Table 6 
Table 7 
Table 12 
Table 13 
 
If you have any questions, please contact the DTSC project manager for this project. 
 
 

http://www.dtsc.ca.gov/HazardousWaste/Projects/upload/PUreEtch_RFI_tables.pdf


NOTES 

A-15-81, A-35-82, A-15-B3 analyzed ltsing Method 6010A, samples collected by CapRock March 1097 

BH6-7 and BH6-16 analyzed using Method EPA TO-14 by Air Toxics LTD., samples collected July 2000 

MW6-5, MW6-25, MW9-5, MW9-25, MW11-5, MW11-25 analyzed using Method EPA 82606 by Transglobal Environmental Geochemistry (TEG), samples collected March 2004 

pv = purge volume relative to probe casing volume 



APPENDIX B 

CONTAMINANT MASS CALCULATIONS AND 
ASSOCIATED FIGURES 



CONTAMINANT MASS CALCULA , .3NS 
Former Pure-Etch facility, Salinas, CA 

Mass in soil. 
Based on Concentrations from drilling investigations1997 to 2003 

mass = (Volume of impacted zone)(soil density)(Average Concentration)(E8); 
Volume in cu, fl.; Three Zones are 12-42', 42-52', 52-65' 
Soil density assumed 45.5 kgicu. fl. (1001bicu. fl.); 

Contaminant 
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CONTAMINANT MASS CALCULAI ndNS 
Former Pure-Etch faciiity, Salinas. CA 

Mass in Groundwater April 2005 
Based on isoconcentration contours April 2005 

mass = (Volume in cu ft)(porosity)(Conc. in ppb)(E-9)(7.48 gallcu ft)(8.34 lb/gal)(0.4536 kgllb) 
Thickness of aquifer is 15 feet; porosity is 0.30 

- 
Mass of 

Contaminant 
(Ibs) 

8.38 
36.18 
10.54 
1.12 - 
56.2 
0.79 
3.51 
0.54 
0.06 
0.01 
4.9 

Mass of 
contaminant 

(kg) 
3.81 

16.45 
4.79 
0.51 
25.6 
0.36 
1.60 
0.25 
0.03 
0.00 
2.2 

Average 
concentration 

(usll) 

63500 
27500 
2750 

275 

6000 
2750 

275 
28 

2.8 

(cu. ft.) 

7069 
70450 

205224 
217948 

Area 
(sq.ft.) 

471 
4697 

13682 
14530 

- 

Contaminant 

. 

Total Mass of dissolved TPHG in groundwater 

TPHG 50000+ ppb 
TPHG 5.000-50,000 ppb 
TPHG 500-5,000 ppb 
TPHG 50-500 ppb 

7069 
68330 

106029 
115453 
169646 

Benzene 5,000+ ppb 
Benzene 500-5.000 ppb 
Benzene 50-500 ppb 
Benzene 5-50 ppb 
Benzene 0.5-5 ppb 
Total Mass of dissolved Benzene in groundwater - 

471 
4555 
7069 
7697 

11310 
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APPENDIX C 

RISK SCREENING EVALUATION MODEL EQUATIONS 
(FROM PEA GUIDANCE MANUAL) 



FIGURE 2.2: CALCULATION OF R ISWHAZARD FOR WATER 

1. Risk for Non-VOCs 

Riskwat,, = (SF, x Cw x 0.0149) + (SFo x Cw x 0.0325 x K,) 

2. Risk for VOCs 

Riskwaier = (SFo x Cw x 0.0149) + (SFi x Cw x 0.0149) 

+ (SF, x C, x 0.0325 x K,) 

3. Hazard for Non-VOCs 

Hazardwat,, = ((C,IRfD,) x 0.0639) + ((CwIRfD,) x 0.0644 x K,) 

4. Hazard for VOCs 

Hazard,,., = (CwIRfD,) x 0.0639) + (C,IRfDi) x 0.0639) 

+ ((CwIRfD,) x 0.0644 x K,) 

SF, = oral cancer potency slope, (mglkg-day).' 
SFi = inhalation cancer potency slope, (rnglkg-day)-' 
Cw = concentration in suriace or ground water, mglL 
RiD, = oral reference dose, mglkg-day 
RfDi = inhalation reference dose, rnglkg-day. 
K, = the chemical-specific dermal permeability coefficient from water.a 

a. Refer to Table 1 in Appendix A (USEPA, 1992, Table 5-7) for the 
chemical-specific value for organic compounds. If the chemical of concern is 
not in Table 1, then use a value for a chemical in the Table with similar 
molecular weight and KOw values. 



FIGURE 2.3: CALCULATION OF RISKIHAZARD FOR SOIL 

Risksoil = (SF, x C, x (1.57 x lo-=)) 

+(SF,X C,X ( 1 . 8 7 ~  10.~) XABS) 

Hazardsoil = ((CJRfD,) x (1.28 x 10.~)) 

+ ((CJRfD,) x (I .28 x 1 04) x ABS) 

Where: 

SF, = oral cancer slope factor, (mg/kg-day)-' 
C, = concentration in soil, mglkg 
RfD, = oral reference dose, in units of rnglkg-day. 
ABS = absorption fraction, dimensionlessa. 

a. Refer to Table 2 in Appendix A for the absorption fraction value 
based on class of compound. For purposes of this document, the term 
"metals" is taken to include true metals such as cadmium and zinc, as well 
as metalloid elements, such as arsenic and selenium. 



FIGURE 2.4: CALCULATION OF RISKIHAZARD FOR AIR 

Risk, = SFi x C, x 0.149 

Hazard, = (C,IRfDi) x 0.639 

SF; = inhalation cancer slope factor,(mgikg-day).' 
RfDi = the inhalation reference dose, mglkg-day. 
C, = concentration in air, mg/m3 

The value for C, is estimated using Figures 2.5, 2.6 & 2.7 for 
VOCs and Figure 2.8 for non-VOCs. 

2.5.2.2 WATER PATHWAY 

If water is a pathway for the site, use the 
equations in Figure 2.2 to caiculate the 
risk and hazard from this pathway. The 
risk calculat?d is a summation of 
ingestion exposure, inhalation of VOCs 
released from water used indoors, and 
dermal exposure for chiid and adult. 
However, hazard is calcuiated only for 
the first 6 years of childhood. if the 
hazard index is not exceeded for the 
child, it will not be exceeded for any 
other age. These equations do not 
include exposure from ingestion of 
aquatic organisms in surface water. 

2.5.2.3 SOIL PATHWAY 

Use the equations in Figure 2.3 to 
calculate the risk and hazard for the soil 
pathway. The risk calculated is a 
summation of the incidental soil 
ingestion exposure for a child and an 
aduit and the dermal exposure for a 
child and an adult. However, hazard is 
calculated only for the first 6 years of 

childhood. if the hazard index is not 
exceeded for the child, it will not be 
exceeded for any other age. The 
equations do not include exposure from 
ingestion of homegrown fmits and 
vegetables, or products from animal 
(e.g., meat, milk, eggs) that feed on 
vegetation grown on contaminated soil 

2.5.2.4 AIR PATHWAY 

The risk and hazard for the air pathway 
are based on either the exposure to 
volatile emissions for VOCs the 
exposure to fugitive dust emissions for 
non-VOCs. OSA has performed 
extensive modeling assuming 
contaminants are present in respirable 
dust at the respective weight fractions 
as in site soils, assuming tine default 

F. dust in value of 50 pg/m3 for respirabl.. 
air, and defining a VOC as a chemical 
with a vapor pressure of 0.001 mm Hg 
or higher and a Henry's Law constant of 
1 x 10.' or higher. Results showed that 
using either volatilization or fugitive dust 



FIGURE 2.5: CALCULATION OF SATURATION CONCENTRATION FOR VOCs 

C,,, = S x (0.15Kd + 0.015 + 1.16 H,) 

If the concentration of the contaminant in the soil is greater than C,,,, then the 
equation given in Figure 2.6 is not valid, and the calculation of volatile emissions is 
beyond the scope of this screening evaluation 

C,,, = Saturation concentration., mglkg 

K d  = soillwater pariition coefficient, crn31g 
(=L-waterikg-soil) 

KO, = organic carbon partition 
(refer to Table 3, Appendix Aa ) 

= fraction of organic carbon (default = 0.02) 

= solubility of contaminant in water, rngiL-water 
(refer to Table 3, Appendix A) 

- Henry's Law Constant, atm-m3imole 
(refer to Table 3, Appendix A) 

If the KO, is not available in Table 3 of Appendix A, refer to Appendix 0, 
Step 1 for the appropriate equation. 

Note: The above equation incorporates the default parameters and unit 
conversion factors. Refer to Appendix B for the complete equation and derivation 
of this simplified equation. 

(NOTE for fiqure 2.5: see Errata Sheet at  end o f  Chapter 2.) 



FIGURE 2.6: CALCULATION OF EMISSION RATE FOR VOCs 

average emission rate of contaminant i over the residential lot 
during the exposure interval, mglsec 

Di = diffusivity in air for compound i, cm2/sec 
(refer to Table 3, Appendix A) 

H, = Henry's Law constant, aim-m3/mole (refer to Table 3, Appendix A) 

Kd = soil-water partition coefficient, cm31g; calculated in Figure 2.5 

bulk soil concentration of contaminant i; 
(chemical concentration in soil, rnglkg, x (1 0.6 kglmg)) 

Note: The above equation includes unit conversion factors for the various parameters. 
Refer to Appendix B, Step 2 of the Volatile Emission Model for the complete equation 
and derivation of the condensed equation. 



FIGURE 2.7: ESTIMATION OF AIR CONCENTRATION FOR VOCs 

C, = ambient air concentration, mglrn5 

E, = total emission rate for compound i (rnglsecond); 

Derivation: 

C, = 2 
L S x V x M H  

= emission rate over residential lot (rnglsec) 

iS = length dimension perpendicular to the wind (m) 
(default value = 22 rn, one side of a square lot 484 m2 in area) 

= average wind speed within the mixing zone (rnlsec) 
(default value = 2.25 rnlsec) 

MH = mixing height (m) (default value = 2 rn) 

C, = E 199 



FIGURE 2.8: ESTIMATION OF AIR CONCENTRATION FOR non-VOCs 

C, = C, x (5 x 10.' kglrn3) 

C, = concentration in air, mg/m3 

C, = concentration is soil, mgikg. 

Derivation: 

C, = C, x 0.05 rnglrn3 x (1 x 10" kg I mg) 

For screening purposes, it is assumed that ambient air particulates are equal to the 
National Ambient Air Quality Standard for the annual average respirable portion 
(PMlo) of suspended particulate matter of 50 pg/m3 (0.05 mg/m3) (USEPA, 1993), 
and the screening-level assumption is made that 100% of the particulates have the 
same co~taminant concentration (non-VOCs only) as the maximum soil value. It 
should be noted that this estimation procedure is not applicable to a site which is 
particularly dusty, i.e. the air quality standard for suspended particulate matier is 
routinely exceeded. This approach is also not applicabie to contaminant fibers, 
such as asbestos. 

C, = C, x (5 x 10.' kg/rn3) 



(Note: See Errata Sheet, I tem 3, a t  end of Chapter 2.) 

Volatile Emission Model (EPA, 1991: 1992b: 1992~)  

Step 1: Calculate the Saturation Concentration 

Use soil bulk concentrations to calculate emission rates, first estimate the saturation 
concentration (C,,t) for each contaminant in the vadose zone. C,,t for each contaminant is the 
concentration at which the adsorptive limit of the soil plus the theoretical dissolution limit of the 
contaminant in the available soil moisture has been reached. Concentrations greater than CSat 
indicate "free-phase" contaminants within the soil matrix. In such an instance, the VOC 
emission model contained in Step 2 is not valid, and this screening procedure cannot be used. 

Where: 

Csa: = soil saturation concentration, mglkg 

C, = Upper limit of free moisture in soil (mglL-water), 
= S X O m  

Where: 
S = solubility of contaminant in water,mglL-water 

(values can be found in Table 4 of Appendix C) 

O m =  soil moisture content, kg-waierikg-soil 
(default = 0.1) 

n = soil bulk density (kgiL) (default = 1.5) 

P, = water filled soil porosity (unitless) 
= P: - Pa (default = 0.434-0.284 = 

Where: 
P: =total  soil porosity (unitless) 

= I - nia 
= 0.434 

Where: 
n = soil bulk density, 

(default = 1.5 gicm3) 
a = particle density, 

(default = 2.65 gicrn3) 



Pa = air-filled porosity (unitless) 

= P t - n o ,  
= 0.284 

Where: 

n = soil bulk d e n ~ i t y , ~ l c m ~ ,  (default = 1.5) 

O  , = soil moisture content, 
cm31g (= g-waterlg-soil), (default = 0.1) 

H' = Henry's Law constant (unitless) 

= H,x41 

Where: 
41 = a conversion factor to change H, to dimensionless form 

H, =the Henry's Law constant, atm-m31mole 

Kd = soillwater partition coefficient, cm3-waterlg-soil 

K d  = K o c  X foc  

(= Llkg) 

Where: 

KOc = organic carbon partition coefficient, cm3-waterlg-soil (= Llkg) 
(Values can be found in Table 4 of Appendix C.) 

- fraction of organic carbon in soil, gig foc - 
(default = 0.02) 

If Kd  andlor KO, are not available in Table 4 or in the scientific literature, then estimate them as 
follows. Use one of the following equations based on the chemical class closest to the subject 
contaminant. 

For aromatic or polynuclear aromatic contaminants: 

For herbicides, fungicides, and non-chlorinated insecticides: 

K,, = 10" 7.029 10g,~]-O.l8) 



For contaminants which do not fit into either of the classes listed above, use this third equation, 
which is based primariiy on pesticides: 

Where: 
Koc = organic carbon partition coefiicient, Ukg (mLlg) 

Kow = octanoilwater partition coefiicient, Llkg (Mllg) 

S t e ~  2: Calculate the Total Emission Rate 

If bulk soil concentrations do not exceed CSat, then calculate an emission rate for each 
contaminant using the equation below. This equation assumes the bulk soil concentration of 
the contaminant is less than the saturation concentration, C,,t. The default vaiues are the same 
as those stated in EPA (1991 b), except for the area of contamination, (A), the fraction of organic 
carbon in the soil (f,,), and the exposure interval (T). The default value for the exposed surface 
area is equal to 5,000 square feet (4.84 x l0\m2 or 484 m2), the minimum dimensions of a 
residential lot in California (Hadley and Sedman, 1990). The default value for soil organic 

- carbon is 0.02 (1992b). The default values for exposure intewal are 30 yr for carcinogenic risk 
and 6 yr for non-carcinogenic hazard. 

Where: 
E, = average emission rate of contaminant i over the residential lot during the 

exposure interval, mglsec 

A = area of contamination, cm2; default = 4.84 x 10'%m2, 

D,i = effective diffusiviiy of compound, cm2/sec 
= Dl (P,3.331~12) 

Where: 
Di = diffusivity in air, cm2is. 

(Values are shown in Appendix C, Table 4. If the desired value is not found 
in Table 4, refer to USEPA (1992b), equation (9), page 13.) 

PI = total soil porosity, unitless 
= I-(nip) 



Where: 
8 = soil bulk density, glcm3 (default = 1.5 glcm3) 

P = particle density, glcm3 (default = 2.65 glcm3) 

Pa = air filled soil porosity, unitless 
= Pi-  O m I 3  

Where: 

O = soil moisture content, crn31g (default = 0.1 cm31g) 

- soillair partition coefficient, glcm3 Kas - 

= (HJKd) x 4 1  

Where: 

H, = Henry's Law constant, atm-m31mole 

4 1  = conversion factor to ch.ange H, to dimensionless form 

Kd = soil-water partition coefficient (cm3-waterlg-soil) 

(= 'Jkg) 

Ci = bulk soil concentration of contaminant I, glg-soil 

T = exposure interval, sec (default = 30 yr = 9.5 x lO%econds) 

a = conversion factor composed of quantities defined above 

a = D e i  X Pe 
Pe + f ( p ) ( l -  Pa)/ K a a I  



DERIVATIONS FOR SCREENING EVALUATION EQUATIONS 

Original Equations: 

Riskwater = SFo X Cw X IRw,adu~t X EF X EDaduit 
BWadult x AT x 365 daylyr 

+ SFo X Cw X x w . c h i l d  X EF X ED- 
BWchiid x AT x 365 daylyr 

+ SF, x Cs x SAaduit x Ko x EF x EDaduit x ETadult x 1 L11000 cm3 
BWaduit x AT x 365 dayslyr 

+ SFo x C, x SAchiid x Kp x EF x EDchiid x ETchild x 1 L11000 cm3 
BWchiid x AT x 365 dayslyr 

Default exposure factors: 

BW = body weight, (70 kg adult; 15 kg child) 
averaging time, 70 yr 

EF = exposure frequency, 350 daylyr (EPA, 1991) 
ED = exposure duration (24 yr adult; 6 yr child) 
lRw = intake rate (adult = 2 Uday; child = 1Llday) 
ET = exposure time during showeringlbathing 

(adult, 15 minlshower = 0.25 hrlday; child, four 15 min 
bathslweek = 0.14 hrlday [USEPA, 1992a1) 

SA = skin surface area available for contact (cm2) 
(adults, 23,000 cm2 [USEPA, 1992al; child, 7,200 cm2 
[USEPA, 1989bl) 

Kp = chemical-specific dermal permeability coefficient from water, 

Reduced Equations: 

Riskwater = (SFo x Cw x 0.0149) + (SFo x Cw x 0.0325 x Kp) 



Original Equations: 

Risk.,,,, = SF, x C ,  x IR,- x EF x ED,,,,, 
BW,,,,, x AT x 365 d ~ y / ~ r  

+ SF, x C ,  x x EF x E D  ,,,, , 
BW,,, x AT x 3 ~ j d a y / ~ r  

x E F  x E D  ,,,,, LEIET, ,,,, x 1 L/1000 cm3 + SF, x C ,  x S A d ~ K  
B W , , , ~ A T  x 365 da3-s/yr 

+ SF, x C ,  x amx& x EF x ED,,,, x ET .,,,, x I L/1000 cm3 
B W , , ~ A T  x 3(1j days/yr 

Default esposure factors: 

B = body weight, (70 kg adult; 15 kg child) 
AT = averagng time, 70 JT 

EF = esposure frequency, 350 day/yr (EPA, 1991) 
esposure durarion (24 yr adult; G yr child) 

I k  = intake rate (adult = 2 L/day; child = lL/da!-) 
ET = esposure time during shou,ering/batbing 

(adult, 15 minlshower = 0.25 hr/day; child, four 15 min baths/week = 
0.14 hr/day [USEPA, 1992al) 
skin surface area available for contact (cm3 
(adults, 23,000 cm' [USEPZ4, 1992al; child, 5,200 cm' [C'SEPA, 1989bl) 

1% = chemical-specific dermal permeability coefident from nater, cm2/hr. 

Reduced Equations: 

R i s k  ,,,, = (SF, x C ,  x 0.0149) + (SF, x C ,  x 0.0325 x I$) 



FIGURE 2: DERIVATION OF RISK EQUATION FOR VOCs IN WATER 

Original Equations: 

Riskvoc,water = Riskwater + SFi X Cw X IRvoc.adu~r X EF X EDaduit 
BWaduit x AT x 365 dayslyr 

+ SFi X Cw X 1Rvoc.child X EF X EDchiid 
BWchild x AT x 365 dayslyr 

Default exposure factors: 

BW = body weight, (70 kg adult; 15 kg child) 
AT = averaging time, 70 yr 
EF = exposure frequency, 350 daylyr (EPA, 1991) 
ED = exposure duration (24 yr adult; 6 yr child) 

intake from inhalation of VOCs from domestic use of water is 
equivalent to theamount of ingested water (USEPA, 19'89~). 

Reduced Equations: 

Riskwater = E0.0149 x ((SFo x Cw) + (SF1 x Cw))] + (SFo x Cw x 0.0325 x Kp) 



FIGURE 3: DERIVATION OF HAZARD EQUATION FOR non-VOCs IN WATER 

Original Equation: 

Hazardw = (l/RfDa) x Cw x IRw x EF x ED + 
BW x AT x 365 daylyr 

(IIRfD,,) x Cw x SA x K, x ET x EF x ED x (1 Ll1000 crn3) 
BW x AT x 365 daylyr 

Default exposure factors (for childhood exposure from birth to six years of 

BW = body weight = 15 kg 
averaging time = 6 yr 

EF = exposure frequency = 350 daylyear (EPA, 1991) 

ED = exposure duratron = 6 yr 

IR, = daily intake of wat-er = 1 Llday 

ET = exposure time = 0.14 hourslday; based on the assumption of four 15 
minute baths taken weekly. 

SA = skin surface area (cm2) exposed dur~ng bathing = 7,200 cm2 
K, = chemical-specific dermal 

permeab~lity coefficient from water 

Reduced Equations: 

Hazardwat,, = ((CwlRfDa) x 0.0639) + ((CwlRfDa) x 0.0644 x Kp) 



FIGURE 4: DERIVATION OF HAZARD EQUATION FOR VOCs IN WATER 

Original Equation: 

Hazardw = (IIRfD,) x C w x I R w x E F x E D  + 
BW x AT x 365 daylyr 

(IIRfDi) x -Cw x IRw.vo, x EF x ED + 

BW x AT x 365 daylyr 

(llRfDo) x Cw x SA x K, x ET x EF x ED x (1 L11000 cm3) 
BW x AT x 365 dayslyr 

Default exposure factors (for childhood exposure from birth to  six years of 
age): 

BW = body weight = 15 kg 
AT = averaging time = 6 yr 

EF = exposure frequency = 350 daylyear (EPA, 1991) 

ED = exposure duration = 6 yr 

IR,.,,v,, = intake from inhalation of V O C ~  ingestion rate = 1LIday 

(A chemical is a VOC if it has a vapor pressure greater than 1 
x mm Hg or a Henry's Law constant greater than 1 x 10.' 
aim-m3/mole). The increased intake for VOCs is to account for 
the additional exposure via inhalation of voiatilized compounds 
from domestic use of water (USEPA, 1989~) .  

ET = exposure time = 0.14 hourslday; based on the assumption of four 15 
minute baths taken weekly. 

SA = skin suriace area (cm2) exposed during bathing = 7,200 cm2 
K, = chemical-specific dermal 

permeabiiity coefficient from water 

Reduced Equations: 

Hazardwater = 10.0639 x ((CwlRfD,) + (CwlRfDi))] + [(CJRfD,) x 0.0644 x K,] 



Original Equation: 

Risksoit = '  SFo x C, x l&.adu~t x EF x EDaduit x 10.~ kq lmq 
BWadult x AT x 365 dayslyr 

+ SFo x Cs x B s . c t , i ~ d  x EF x EDct,ild x 10.~ kalrnq 
BWchild x AT x 365 dayslyr 

+ SFo x Cs x x AF x ABS x EFadult x EDadult x kalmq 

BWaduit x AT x 365 dayslyr 

+ SFa x Cs x SACt,ild X AF X ABS x EFchild x EDchiid X 10.~ kalmq 
BWchitd x AT :: 365 dayslyr 

Deiault exposure factors: 

AT = averaging time = 70 years 
EF = exposure frequency for soil ingestion = 350 daylyr (EPA, 1991a) 

= exposure irequency for dermal contact = 2 eventslweek or 100 
daylyr for adults, and 7 eventslweek or 350 dayslyear for children 
(USEPA, 199la) 

ED = exposure duration; 24 yr for adults and 6 yr for children 
I ?  = incidental soil ingestion rate, mglday; 100 mglday for adults and 200 

mglday for children (USEPA, 1991a) 
SW = body weight; adults = 70 kg, children = 15 kg (USEPA, 1991a) 
SA = skin surface area exposed (cm2); adult = 5,800 cm2/day, 

child = 2,000 cm21day (DTSC, 1992, Chapter 1) 
AF = soil to skin adherence factor, rnglcm2; default value is 1.00 mg1cm2 

(EPA, 1992) 
ABS = absorption fraction of chemical from soil 

Reduced Equation: 

Risksoii = (SFo x Cs x 4.7 x 10.') + (SFo x Cs x 1.1 x 10.~) + 

(SFo x Cs x 7.8 x 1 0-6 x ABS) + (SFo x Cs x 1 .I x 1 o . ~  x ABS) 



FIGURE 6: DERIVATION OF HAZARD EQUATION FOR SOIL 

Original Equation: 

Hazardsoil = (IIRfD,,) x C, x IRs x EF x ED x l o a 6  kqlmq 
BW x AT x 365 daylyr 

+ (l/RfDo) x Cs x SA x AF x ABS x EF x ED x 10.~ kalmq 
BW x AT x 365 dayslyr 

Default exposure factors (based on childhood exposure from birth t o  six 

IRs = incidental soil ingestion rate = 200 mgiday 
EF = exposure frequency, 350 dayslyear for soil ingestion and dermal 

contact (EPA, 1991) 
ED = exposure duration = 6 years 
BW = body weight = 15 kg (USEPA, 1991a) 
AT = averaging time = 6 years 
SA = skin surface area exposed = 2,000 crn2 
AF = soil to skin adherence factor = 1 rng/crn2 (USEPA, 1992a) 
ABS = absorption fraction of chemical from soil (See Table 3) 

Reduced Equation: 

Hazardso;, = [(C,IRfDo) x 1.28 x + [(CslRfDo) x 1.28 x 1 o4 x ABS] 



FIGURE 7: DERIVATION OF RISK EQUATION FOR AIR 

Original Equation: 

Riskair = SFi X Ca x lRaduit X EF X EDadu~t 
BWaduit x AT x 365 dayslyr 

+ SFi X Ca X IRchiid X EF X EDchi~d 
BWchild x AT x 365 daylyr 

Default exposure factors for risk: 

BW = body weight = 70 kg for adults, 15 kg for children 

AT = averaging tirne, 70 yr 

EF = exposure frequency, 350 daylyr (EPA, 1991) 

ED = exposure duration = 24 yr for adults, 6 yr for children 

IRa = inhalation rate = 20 m3iday for adults, 
10 rn3iday for children (EPA, 1989a; 
Schurn, et al., 7993). 

Reduced Equation: 

Riskair= (SFi x Ca x 0.0939 ) + (SF! x Ca x 0.0548) 

= SFi x C, x 0.149 



FIGURE 8: DERIVATION OF HAZARD EQUATION FOR AIR 

Original Equation: 

Hazardair = (IIRfD,) x Ca x IR x EF x ED 

BW x AT x 365 daylyr 

Default exposure factors (based on childhood exposure from birth t o  six 

BW = body weight, 15 kg 

AT = averaging time, 6 years 

EF = exposure frequency, 350 daylyr 

ED = exposure duration, 6 yr 

IRa = inhalation rate, 10 rn3/day (Schurn, et al., 1993) 

Reduced Equation: 

Hazard,!, = (IIRfD,) x Ca x 0.639 




